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Tiif Matfrial Fon Mat Consircctio’* Surveys 
Th« Shape of the Earth — Ihe sliape of the earth is \ery 
nearly but not quite, that of a ball or sphere The earth 
really has a shape of its own called the geoid, and the ge >id 
13 almost exact)} the shape of a ball flattened at opposite 
" proles’ —the figure knovin to mathematicians as a tpherxod 
For some rerj precise m'cstigalions we deal with the geoid 
hero less accuracy is suiEciont, as m making ea en tlie best 
maps, tho spheroidal Hgure » taken For our elementary 
purposes here the bOl ts near enough to the truth that is 
to say that we shall be concerned mainly with rough maps, 
in which we shall liaie greater errors than those due to 
thinking about a epliere instead of a spheroid, much less 
a geoid 

The earth spins round an axis, the axis passing througn 
Its centre, the condition is ihe same as that of a ball 
transfixed b) a knitting needle which prasses tlirough the 
centre of the ball The neeille emerges at the surface 
of the luill nt two points, called, in the case of the eartli 
^ortli and South Foies to distinguish them If the earth 
were cut in two at right angles to the axis tlirough the 
centre, the line which would be drawn round it b} the 
cutting plane is called the Equator 

IIow the shape of the eaith was discoiered will be 
explained later on (page 19) The Etateraent of the result 
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direction taken b} the plomb line 
direction 


called the lerltcal 


Let 0 (Fig 1) be the earths centre, 
P II point on Its surfice, then gravity 
acts in tiie direction P O, and a plumb- 
line at P will reveal the direction PO 
To keep Inmsell from tumbling over, a 
man at Pstandv in the “erect position, 
thevertical line P 0 pisses between his 
feet uid through tils head The point/ 
over hi« heid is called the zenith 



A niiiit. useful device fur mip in iKing puiposes gives us 
the direction of direct resistance to grantj — that at rifilit 
angles to it A suif ice following this direction is said to 
be level or Aonsoiitof, the instrument is called a spiiit 
lev el It consuls of a slightly bent tul>© (Fig i) mostly filled 
vv ith spirit (the black j art), 

butwithnbuhbleofairleft f m*~I~ ~n 

in It >'ow, bulk for bulk 
gravity acts more strongly ® 

on the liquid than it does on the an, or as we say, the 
spirit IS Rentier than the air So the spirit gets neuer 
the centre of the earth, and the uf bubble comes to the 
trp which is further away from it, the bubble is, in fact, 
aiwavs at the highest ptrt of the tube If the end A, 
oi tlie end 15, is tinped up, the bubble runs to the upper 
end but if A and B are at the «ame level or honzonul, 
the bubble stands in the middle of the tube In tins way 
w e can always place the tube, or anything It IS fixed to, in 
the horizontal plane 


/A' skyhneandlluiizon — Vtwhatevei point we stand 
cm tlie eiitlis surface our vision is luiiited in certain 
clinctions Viouiid is » region winch is obviously a part 
<f the eanb’s surface, every point on n being near and 
acicssible, and above is the space we call tlie sky, as 
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obviossl^ not a part of the earth s surface The bounc)ing 
line between the two we call the lii/ Ime As we mo\e 
about from point to point on the earths surface we hnd 
the skyline constantly cbangiog part at least of the 
area visible from one point is invisible from another, and 
from this m turn some part becomes visible which was 
invisible before On land the sVyline is usually quite 
irregular, we see hills in one direction and valleys in 
another, and between onr point of observation and the 
sky line there are often tlopeg te, surfaces which are not 
horizontal but must be descended or ascended with or 
against the force of gravity But the set surface being 
liquid cannot hsie anyelopes for if such existed the water 
would run down them and there is »o such general 
movement in oceanic waters Kow obseivation shows that 


K 



the skyline at sea is alwava a circle with the observer at 
the centre and further that the radius of the circle (or 
the distance of the sky line) is always the same in all parts 
of the ocean provided the beigbtof the oV server’s eye above 
the sea remains the same Thus if the eye is six feet above 
the !>ea tl e sky line » three miles diitant if twenty feet, 
five miles if fifty feet seven and ahalf miles and soon 
This shows first that tlie tueface of the ocean is convex 
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and secondly that it is everywhere of the sime convexity, 
or that (so far as appears fiom observations of this degree 
of accuracy) the earth is a sphere 

The sea sky line having a definite relation to the shape 
of the earth is usually called the t-iaibU korx on If the 
observer's eye is above the level of the sea say on board 
ship, the vnsihle horiion will CMdently bo below the horizon 
tal plane (sometimes called the seiutble horxton) passing 
through his eye The angle of depression is called the dxp 
of the horiion (See Fig 3, in which P is the point of 
observation, OZ the vertical line H H the bonsontal plane, 
and A A the visible horizon Tlie angle H P A is the dip) 
Prxnnjiti 0/ SnrvtyxnQ Tkt TAeodof »lc — The first step 
in roap-makiig is to 
describe and record 
accurately the post 
tions of things seen 
e ithin the sky line 
from any point ^Ve 
can only do ihu with 
reference to some 
known or fixed dircc 
tions It has already 
been explained how by 
means of plumb-line 
or spint level we can 
always find the direo- 
lion of the vertical hoe 
or the horizontal plane 
at a point In practice 
tins IS done by an in 
strument such as the 
Tl todolite illustrated 
in Fig 4 A A IS a 
plate mounted upon 
legs, and upon it rests 




a plate T’. C, Iielfl centmlly in place by a round spindle at 
Cat ngli tangles to Itotli plates If A A and BDaicndjusteil 
hy means ol spirit Jesela so as to t>e Ijoi j/ontal, the spindle 
C wilt be teitical, and the plate B B can be tuincd round 
on A A m any direction, a1uay» renmning liorizontal 
Ijft D D be a telescope, faxed to a stand T T on E B \)ul 
free to move round on ahonzont it pivot G E E is a circle 
fixed to D D, having angles (degrees, minutes, seconds) 
m II bed on it, and v> arranged that the angle through which 
the telescope is moied up or down round the pivot G can be 
read off llien the instrument may he so ad;usted that wiien 
BB is level or horizoiit'vl, and the reading on E js O’, the 
telescope D is also level If we tom BB round on C 
all points on the horizontal plane of the place where the 
instrument is set up, in different diiections, will appear m 
the telescope 

Aliunde atui Azunulh —Now suppose we point the 
telescope it a piiticular object say the summit of a 
niountun then we shill have had to tuin it round O 
through some angle winch can bo re id olf on E fins 
angle above the hrnnntal plane is called tlie Alitlude of 
tie summit uf the mountain as seen from the point of 
observation, and it gives the fiiit means of recordino the 
appaiont position Altitude, then, is angular distanve 
above the hoiironlal plane 

B) detei mining the altitude of the oliject we have not 
howevei com|lilelv fixtd its apparent posilun for it is 
clesrly possible to route the pUte BE on A A ruuiu! tlie 
pivot G vsiihout touching the telescoje this is to snv tliere 
IS any nuinliei of points, in different dmctiuns Iiavin" tl e 
same aUuuiie It becomes neccssaij to seek for a fixnl 
diiftcion winch tan alw ijs be easilv asceitained and to 
recki II the ditFiience of diiectit n of (s ij ) the ni lunt-nn top 
from that standard Foriunatelj aj,ain theie is a st nidaid 
direction win h can always be found (though not so easily 
as the hoiirontal plane) — the direction of north and 



»nuth Ihe angle from noith an^«£Wt(rts’ fnea^uts«i^y 
marking degrees and miiiates on tlie circular edge of the 
phte A A and making a mark on the edge of B B so that 
if ue first turn tlie telescope so as to point cortli oi south 
and read the scale on A A, and then turn it round to point 
at the object and read the scale a^tin, the difference of the 
readings gi\es the direction, or, as it is called, the Aumuth 
of the point Sometimes azimuth is reckoned from north or 
south III ‘points instead of degrees, there being 32 points 
in the circle Each point is distinguished by a name, north 
and south arc tuo, at right angles to these we have east 
and nest, and the intermediate points are named b} com 
bmationa of these words as shown in the “Compass Card ’ 



fig 5 


of Fig 6 Thus nn azimuth of 45’ round from north 
towards east is nortli-ea«t of 135 south-east, and so on 
The system of points was, and still is to a great extent, 
used bv sailors m laying the courses of ships, but foi accurate 
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navigation, and alill more for any kind of mip or chart 
making, the division of the circle into otdinary angular 
measuiD IS mucli more piccise 

AVhen the altitude and aamuth of a point seen from a 
place of obsination have been determined, the nppiient 
position of that point is completely fixed Suppose we 
are aide to clamp the telescope at the given readings on the 
veitical and horizontal scales, it can neither be moved up 
or down or turned round — it can only point in the one 
deferinmed direction and in no other If, for example, 
we say that seen from a place A the point IJ his altitude 
21* and azimuth N 15* E then tlie apparent position of B 
IS known, and can be found at any subsequent time by 
an observer who sets np liis theodolite at A, provided B is 
a fixed point 

In the case of celestial bodies, such as the sun or stars, 
the positions aie constantly changing, and to altitudes and 
azimuths vary Observations of these altitudes and 
azimuths are very important, but it is to be noted that 
the time of observation must always lie recorded 

Dutance — When the observer at A hw completed Ins 
observations of the points on the earth s surface which aie 
visible from A, he has a senes of records of altitudes and 
azimuths of such points as C, C, B, E, but he has no 
information about the duln>tee4 of these points In order 
to fix tlie points finally upon a map he must deterinine 
theve dist inces, and he may do so by actual measurement 
of the lengths of the lines V B AC, A D, A E By way of 
illustiaiion let us take the case of a level held, and f<up[ oso 
till theodolite set up in the middle of it bince the fidil is 
level altitudes will all be the same and they may >;e left out 
of account ^^emay have a niord such as this — rioin A 
Azimuth of L north 10 east, distance 1 >0 j irds 

„ C „ 75* „ „ 200 „ 

„ D „ loO* „ „ 75 „ 

„ E „ 100* west 180 „ 
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If B C D L represent curneis of tbe held and the fences 
run Ktriiglit between these points •weba%e all the niatenal 
necesiarj foi miking a plan or tnsp^ as Fig 6 
Triangulalxon —But measnie- 
inents along the ground are not 
reaililyniadewithaccuraei eipec- 
iilh if the ground is uneien it 
la much easier to get good mea 
surements of angles with the 
theixlohte Suriejors tberefoiefiml the distances of points, 
where possible, by the following method 
Two points A and B (Fig 7) are 
stleclcd Msible from each other and 
sepintcd by ground which is as 
nearly level as oiiy be ihedistance 
A R IS measured with all possible ' 

Rcturaey, and then the aziinutl al *__e±£C.iJi— »e 

ai gles ol points C t> E 8up|H>$ed 

to be i isiUe from both A and B are 

rcalofT In the triangle A BC we ^ ^ 

tl en know the side A B and tbe 

aii„les C \ B and ABC m \ L D we know A B and the 
anjes D k B and D B \ m A B E we know V B md 
the angles E k B an i L B \ But by plane tiigonometry 
we enn then calculate tbe third angle and the lengths of 
the Iw o remaining sides of each triangle, there is no necessity 
foi furthermeasurement Again suppose F and Globe two 
p lots 'isible from k and D ami Aand E retpeciiielj but 
iniistble from B we tniv take obsersitions of atiniOth at 

A D an 1 L and so m the tnmgle A F D we know the ^ide 

A D an I tlie angles FAD and A D F and in A G F "e 
kr nv A L ati 1 the angles G A E and G E A and we can 
find the angles at I and G, and the sides F D FA G A, 
G I rills pruciss can be continued indeBnitely 
hive built up a network of triangles extending over an area 
of any sue, flicre is only one measurement of length, 
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VIZ, A IS, whiv.h >4 called the bate-ini', everylliing el’c 13 
done by angular inea^urementi with the theodolite 01 some 
eiuuKr instrument Themethodisknownas rrianjm/atuin, 
and It 13 that upon nhich most standard survey s depen 1 

The weak point of triangulation la tint everything 
depends upon the accuracy of the mcisurement of the 
base-line and of the angles, for it will be seen that each 
triangle must 1 e aiTeeted the errors of all those whicli 
come between it and the original points on the baseline, 
and such errors will accumulate ripidly unices extreme 
caie IS taken In a hrstclass survey tlie tninolov which 
directly depend upon the baseline are very large, the 
sides of the triangles l>eing tnanj miles in length, and 
angles are measured with the highest possible degree of 
accuracy This system is known as primary triangulation, 
and each of the primary mangles js then sub-divided into 
smaller triangles forming the treondary triangulation, 
in which a less degree of precision is sutiicient, because 
errors cannot a/Tect anything outside one primary triangh 
Similarly, sectmdarv triangles are subdivided by terUary 
systems, wiiLiin winch <)Uite rougti tnewsurements, or even 
sketches without measurements at all, may be suflicienr 

Iruxemny —In some j arts of the world, such as regions 
of mountain ranges with iiiaccessihle peaks separated by 
deep narrow vallevs or t unbroken plain covered with 
dense forest, triaii^ul ill >n i' difllcult or itnpossibk thioUgh 
the want of intervisibh ]>>ints In this cave anollier 
method IS resorted to which involves an increased number 
of measurements of di't mte 

Suppose B (Fig 8) IS or tan be iiiadi visible from A, 
C from h D from C anrl so on Then the azimuth of I! 
from A IS observed and the distance A IS measured, thus 
the position of B IS found Sirailaily C can be found from 
B D from C and so on Such a survey is if possible 
arnnged so that it begins and eiuU at the same joint A 
The errors of the survey will result in the diflerence that 
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when the surveyor has acinaWy retnrncd to hts starttng 
point A his survey h&a only brought him to some other 
point represented bj A Hie discrepancy A A is cilled 
the closing error of the survey and the errors (here as 
eKewhere to be distinguished 
from blunders or mistakes) can 
be distributed by the matheniati 
cil theor\< ! probabilities— which 
in practice jields some fairlj 
sinijle geometrical constiuctions 
— in such a war as to give a high 
dcoi-ce of accuracy fhe suney 
npe.1 not necessarily end where »t began but in order to 
dutribute the errors the etartmg point A and the finishing 
p< mt A should either be identiial or bo such that their 
relative positions can be accurately determined tndepen 
denilc This method of surveying is known as Traursxng 
Delermtneilion 0/ Heights — ^est to the determination 
of position come the questions of height and slope Here 
acwurate work » beat done by means of the theodolite or 
similar mstrumetit Let A bea point on aslope (represented 

m Fig 9) and suppose the tl eodolite to be set up at A and 
levelled the telescope being 
5 feet above the ground (its 
height being measured at A 
l\ ft graduated vertical rod) 

Tlien if the teIe>cope is hon 
soQtal the point D seen through it must be 5 feet higher 
than A Similarly if the theodolite is set up at B C is 
b fi^t higher tlnn B and so on 

Another method is illustrated m Fig 10 Suppose A 
ard B to be two points on the same level and the disianee 
A B to have been aitcertaincd by roeftnurcment Then if 
we measure the altitudes of points C D and E on the 
slope from A and B we get two angles and a side of each 
of the triangles A B C, A B D and ABE Me cm solve 





14 


these triangles and allowing for the height of the 
instrument calculate the "verti^ heights C C?, D D , E E 


A 


Dntum Zei«{— ITeiglits are usuaJIj reckoned from an 
arbitrary sero called mean sea-level supposed to represent 
the average level of the sea at some point on the coast of a 
district surveyed Tlie actual average level of the aCa is 
very difBcuU to determine accurately, but so long us a 
uniform starting point is agreed upon the standard of 
reference « not of first iropotUnce in map conslruttion 
Tlie datum of the British Ordnance Survey is OCo feet 
below mean sea level at Liverpool 

Slope $ — Having ascertained the difference m level and 
the distance between two points the average slope of the 
ground between them may be conveniently expressed in 
either of two ways 

Let A and B (Fig 11) be the two points A A the 
honjontaJ plane then we may either measure the angle 
B A A Hid say the slope is 
so many degrees or we may 
dnide the total d fleiente in 
he^ht B A ly the distsiico 
A I and say tl e giad ent is 
one foot (or other unit) for so 
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many £eet (or other unit) of distance The following table 
give-s a few equivalent examples — 

A slope of 2° IS equivalent to a gradient of 1 m 28 

„ 5* n n n 1 in 11 

II 10* » M •• 1 m 6 

,1 20' , „ „ 1 in 3 

Horizontal Equitalent $ — For reasons which will appear 
presently, the equivalent lengtli A A of the slope A B 
projected on the honrontal plane is important This length 
13 usually expressed in terms of the height 6 h and the 
angle of slope A Thus if B A is unity (feet, yards, etc ) 
and A 13 r, A A \a 57 3, the co-tangent of the angle, and 
for any value of B A we can get the corresponding length 
of A A for that slope by simply multiplying by 57 3 For 
different degrees of slope we get as multipliers — 


1* 

57 3 

10* 

57 

2* 

28$ 

15* 

3 7 

3‘ 

19 1 

20* 

2 7 

4* 

143 

25* 

2 1 


U 4 

30 

1 7 


It will be seen that for the more gentle slopes at least 
these horizontal eqmia'ents are proportional to the angle 
of slope, and we accordingly get the approximate rule 

HE = 573*xj^ 

Where H £ 1 $ the honzonial equivalent (A A) 

V I IS the vertical interval (B A) 

D IS the slope m degrees (or altitude) (Angle A) 

Latitude and Longitude — A system of tnangulation or 
traiersing can be started at anypoiat on the surface of the 
earth, and may theoretically be extended continuously so 
as to cover the whole surface But in practice this ts 
impossible An island in mid-ocean may be completely 
surveyed, but it is impossible to execute a tnangulation 

*In mililary work distances are asnallj reckoned in jords and 
heightsinfeet The value57 Smsstthereforebedividedby 3^ 19 1 
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o\ei tlie sea to connect it with the nearest continent 
It would be a difBcnlt task to connect a survej of, say, 
feouth Africa with one of t!« Argentine, or of Inlia 
Hence, unless we can find some iiulependent means of fixing 
at least one of the points on each suriey, we lia\e no means 
of saying to w hat part of tlie earth it refers A Cliinain in 
presented with a sheet of the one inch Ordnance map of 
this country might guess it referred to a survey of some 
part of the Itntish Isles, but he would probibty be quite 
unable to hnd out what port 


Position on the earth s surface is tlefioed by a system of 
crisS angles corresponding or analogous to altitude and 
azimuth the centre of the earth n 
coi responding similarly to the point 
of observation, the axis to the 'cr 
deal line and the plane of the equatoi 
to the horizontal plane If 0 (Pig 
1 2) I epresents the centre of the eai th, 

N and h the nortli and south poles 
0 Q the edge of the equatorial plane . 
then a point F may be partly defined 
by the angle P 0 Q winch is called 
the Lntitude All points having the 
same latitude eiidently he on a ciiUe 
(P r T, U V \\ 13 in 

winch N IS the norf*- pole) the centif 
of which IS on the earths itis hucli 
a circle is called sparall'l o/lautide 
The second senes of angles is obtained 
by considering planes at right angles 
lO the equator passing througli the 
caiihs axis The plane of the paper 
IS such a plane in Fig 12 ind Q N Q"‘ 
represent the edges of similar plai < 
position of this I lane passing thiou„i 
the latitude of F) is known then Pis 
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■ Q N 1)''’ Q' N gv 
■ lo 13 If the 
u P as well as 
II the surface of 
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the earth, just as any point seen from it is fixed by altitude 
and azimuth The angles between the meridians passing 
through different points as P, B, T, U V W (Fig 13) are 
called angles of Zon^ilnrfe thus P X R is the longitude of 
R with reference to P, P N T that of f and so on These 
planes cut the surf ice of the etrth in circles having for 
centres the centre of the earth, and passing through, and 
intersecting at the north and south poles X P Q S m 
Fig 12 IS half “uch a circle, and N P Q N R Q“, etc in 
Fig 13 represent qu idrants of these circles The semicitcles 
are called Vertcltans, and as the meridian line passing 
through any point P also passes thtougli tlie north and 
south poles, Its direction is that of north and south hence 
Its selection as the zero from which azimuth is icckoned 
(pnoe 8) 

Circles drawn on a sphere which ha\e then centres at 
the centre of the sphere ai e the largest circles whicli can be 
drawn on the suiface and tliei aie all of the same size 
They are called Gteal Ctrelts, and an impoitant ptoperty of 
the great circle passing through any two points on a sphere 
18 that Its arc follows the shot test possible course joining 
the two points The shortest route between two point* 
on the ocean is the greit cucle route, hence the importance 
of great circle sailing in modem navigation Any 
encle on the sphere whose centre'ls not the centre of 
tlie sphere is called a ^mnll Cir<^ and the smaller the 
circle tile greatei the distance of its centie fiom that of 
the sphere 

The equator is clearly a great ciicle all othei parallels of 
latitude are equally clearly small circles Latitudes aie 
therefore reel oned fiom the equator to the north pole 
(Jat 90° N ), and the south pole (I It 90* S) All meridians 
are great circle® and iheie is therefore no one meridiLiii 
from which longitudeswillnatuially be reckoned Different 
countries have us^d the meridian passing through their 
capilal or othei point as the zero of longitude or prime 
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mtridian but there iS now increa«flg agieement to accept 
the mend an of Greenwich ai an Internationa! standard 
Thus we say that Cairo or Petiograil are in (roughly) 
longitude 30 E Washington in longitude 7o* or 
Bering Strait in tongitude 170' \\ 

DetermxnaUon of Lalil tde — Direct observation of lati 
tude and longitude is of cour*-e impossible since we cannot 
set up a theodolite at the earths centre on the plane of the 
equatoi and measure tie necessary angles Tlie question 
becomes one of deducing the latitude or longitude of a point 
from the practicable eWrvattons of altitude or azimuth or 
of time 

A simple May of making an approximate determination 
of latitude depends up n the observation, of the altitude of 
the point in tl 6 heaiens al out which tl e heavens ap{ ear to 
rotate All tlie faxeil stars are at a practical!} infinite 
distince from the earth hence wc may tliink of tliem as 
beinq all at an equal distance or dotted about upin the 
II SI le surface of a hollow aplero of infinite radius ulich 
has the earth (a mere point) at tie centre As tl c eartli 
rotates this ceiestial spl ere will appear to all observers on 
tl c earth to be rotating about two piles uliith are the 
points where the earths axis proJuced infinite]} in 1 tli 
dircctioi s meets the celesti d spheie * 

Let O (iio H) be tjic earths centre N P Q a quadrant 
of a mcndiai F the position of the ol server in tl e latitude 
P O Q II 11 the bonzontal plane at P Tl en at !>, the 
north pole the pole of the heavens is ovcrlead ut an 
infinite distance away in the dnection S' But seen 
from P the pile apjiars in the direction S" again at an 
•Tl 0 j St rs of It e utari on the cekst al ipl ere are Ics r l<d 
by n system of cruse a ilea a aingoua to lat tu le an I ] y u le 
II o I lane of the urrestial e {oat rexten fel inhn tell to the el st al 
vpl e e cuts It n tl e /7 i orti / 1 ne Antics nik elnutllanl 
so I from the eq > cl al fat the cen re) a e cull ! a ties of 
VI ,10 llea^Iea or eai oi d nf, t I n^ t ha k own ai 
al fcict ( I 1 At e * o al aia reckmve I from t! e y I / a nt of 
Ants tl e oclest al Greenw ch 
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infinite distance awas The lines*^l^J^nd -P-^^^eet 
therefore at an infinite distance £roifl«tlie___fafth,^eil/n 
follows that they are parallel and 
if they are parallel the angles 
H P S" and P 0 Q are eqnal 
Hence we ha\e the lery important 
result that th* altitude of celeHxal 
yiofeatany jKiiiit ojv earth etu. /m 
IS equal to the latxt de of that jtoinl 
^\ e recommei d the reader to make 
himself speciallj familiar with this 
proposition as it clears ilea at to 
an understanding of Qian) of the principal facts of 
a tronomy and mathematical ge< grapht 

One of the bright fixed stars of the northern hemi'phere 
his its position ier\ near the noith pole of the leasens 
describing a circle of onh I 10 radius For quite rough 
j urposes it is therefore sufficient to sar that the altitude of 
the Pole Star is equal to the latitude Accurate deter 
niinations of latitude 'are made by ohsenin^ the altitude 
of the pole star and appiyins suitable corrections for its 
position in Us small circular patli at the moment of ob er 
ration For methods of determining latitude by ol sen ation 
of other stars or of the sun the reader is referred to books 
on astronomy or naiigation 



Size arid Shape of the Earth — If we determine the 
latitudes of two points on the same meridian i« north 
and south of one another and then 
measure the distance on the earths 
surface between them we get a meisure 
of the size of the earth In Fig lo we 
know the arc P R bi measurement and 
the angle POP the difference of tl e 
latitudes ard we can calculate O P or 
OK If the distance F R were the same 
in all latitudes for the same value of 



Fig 15 
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the angle P O R, then O P or O R would be constant the 
nienclian would I e of constant radius or a circle and the 
figure of the earth (obtained spinning the meridian 
about the aais N O S) a sphere As a matter of fact the 
length of a degree of latitude increases somewhat from 
the equator towards the poles the lengths beirg 
approximately — 

Latitcle L£>oni (Miles) I atitode Lenotb (Miles) 

0‘~ r 6S7 60 -61* f9 2 

lo— 16* 68 7 ] 7»*— 76' C9 i 

10— U* CbD 89'— 90* 69 4 

45’— 46' 690 

Hence the radii dimmish with increasing latitude, the 
equatonal radius being 3,963 miles, and the polar 
ladius 3,9o0 miles The aserage length of a degree of 
latitude being 69 miles, the radios of the equisalent 
circular meridian or of the spherical earth, is 3 055 
miles and the circumference 24 $40 miles It is useful 
in reckoning diitances, or constructing rou^b scales for such 
maps as are published without them, to bear in mind that 
s decree of latitude is alx.ut 70 miles in length Main 
land in the Shetland Islands, or Cape Faiewell in 
Greenland or Petre^rad lies m latitude 60* ^ just 
700 miles north of th^ Li/ard which is in latitude 50* N 

DtterminaUon o/ Lon<jttn‘U —Referring ag iin to Pig 1 3, 
let the obsener suppose himself placed at the north pole of 
the heavens He will see th»t the earth i-olates from west 
to east (as shown l>j the arrow), and it does ro at v 
uniform rate Let S represent a fined star, placed on the 
celestial sphoi-e (in the direction indicated) at an infinite 
distance from the earth It will lie clear that at some 
instant during a rotition of the earth N P Q and S will all 
be in one plane as shown in the figure As rotation 
proceeds the star & is as it were left behind, an I appeirs 
to move westward but after one complete rotation (no 
more and no less) it will again be in the same plane as \ P 


I 
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and Q or on the »w«rirftrt« But as the rate of rotation is 
uniform, successive of a fixed star across any 

mendiaa occur at precisely ec^ual intervals of time From 
this "e derive one of tlie most important methods of 
measunng time , the interval between two transits of a fixed 
star IS known as a tidereal day For most purposes 
It is convenient to take lime fiom the sun rather than a 
fixed star the sun being on the meridian m the middle of 
Its light-giving day, but complications are introduced 
beeau'e the sun does not appear as a fixed star, but is con 
stantly changing its apparent position as the earth goes 
round It The sun itself keeps apparent solar time, and 
certain irregularities m its movement are averaged out by 
the 8} stem known as Tni»an solar time, according to 
which ordinary clocks and watches are regulated The 
mean solar day is longer than the sidereal daj by about 
four minutes the efiect being the vame as if the star 8 
(Fig 13) had piogressed m the same direction as that in 
which the earth is routing through an angle, such that 
after making a complete rotation (a sidereal daj ) the earth 
had to go on rotating for four minutes more m order to 
“catch up” S and get it again on the meridian N F Q 
Since the rate of the earth s i otation is uniform, it appears 
that there is a clove relation between time and longitude 
Suppose P, R T, U, V ami W (Fig 13) to differ equallj by 
60” in longitude, then mthe 24 hours between two transits 
of S across the mendian of P, the transit across the mendim 

of W will occur X 24, or 4 hours later than at F, that 
360 ’ 

120" 

at V X 24, or 8 hours later, and so on 12 houis later 

360 

at TJ, 16 hours later at T, and 20 hours later at R Tliat 
IS to say longitude and time are stnctly propovUonal in the 
ratio of 360* to 24 hours or 1* to 4 minutes, of time 
Hence it appears that every point on the earth s surface 
has its own particular or local time that every point in the 
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same longitude has the same local time, and that one poini 
to the west of another has local time later than the first, 
one east of another has local time earlier 

We may note here that the civilized world finds it 
inconvenient that each place ahonld employ its own local 
time for ordinary use , the eflect upon, e g , the compilation 
of Bradshaw may he imagined A avstem of standard time 
and limr zones is gradually coming into general use, escii 
zone being 15* of longitude or one hour of time in width 
Thus we base western European time, based on the local 
time of Greenwich on longitude 0*, mid European time an 
hour earlier on longitude 15* E, eastern European time two 
hours earlier on longitude 30* E The mendian of 30* K 
also holds for Eg^pt and Sooth Africa North Amenca 
has Atlantic Eastern, Central, Mountain, and Pacific time, 
based on the mendians 75*. 90*, 105*, 120*, and 135* 
M longitude 

To determine the longitude of a place it is only necessary 
to compare a watch set accurately to local time with one 
set with similar accuracy to a standard time Itocal time 
can be simply ascertained by observing the time of transit 
of stars or the sun across the mendian of the place, or it 
may be deduced from ohsenalions of altitudes of these 
bodies when they are “off the meridian” Companson of 
the local time with the standard (»«, the local time of a 
place of known longitude) can be made inlh great aceuraei 
by means of the telegraph, with somewhat leas accuracs bv 
a senes of chronometers (the method used on board shif 
although now assisted by wireless telegraplij) and willi 
little accuracy by observations of certain independent 
celestial occnirences, which can be predicted but are not 
easy to observe In the last ease we may observe the eclif ses 
of Jupiter’s satellites, the oecnlations of stars by the moon 
or es en the distance of the moon from certain stars, and we 
can calculate that when these things “happen’ it is such and 
such a time at ('ay) Greenwich, we record the local time 
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lien we see tlieni hippen, md so get a means of comparisou 
The Xorth aiul iiouth Line — It being now (p 17) under 
stood that the north and sonth line at any place is the 
meridian of longitude passing through the place and the 
north and south poles, the advantage of reckoning azimuth 
from this direction will be appaient The north and south 
line can be accurately found in a place of known longitude, 
bj observing transits of stars or the sun across the meridian, 
these bodies being either north or south of the observer 
at the known instant of transit, or it can be calculated 
from the same observations of altitude “off the meridian” 
as are used for hnding loinl time 

But a number of approiimate methods are more generally 
u eful to the reader os distinct from the maker of maps, 
the chief need being to set or “ orient ’ the map so that 
the top will be towards the north and the bottom towards 
the south 

A In the daytime 

Method 1 Some time before noon fix a pole in the 
ground at a slope. Hang a plumb-line from the top of 



the pole, as at A, Fig 16 FromAdrawaCircIewellwithin 
the end of the shadow of the pole Note the point where 
the end of the shadow, as it shortens, crosses the circle, as 
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at B The shadow will continne to shorten till the aun 
reaches its highest point at noon when it will begin to 
lengtlien again, as in the dotted line Hark the point C 
where it crosses the circle for the second time Draw lines 
A B, A C, and bisect the angle B A C by the line A H 
A H IS the north and south line 


Method 2 A rough method familiar to scouts 
In the Northern IlentitfAcre — Place a watch on its back 
and turn it round till the hour hand points to the sun 
A line bisecting the angle between the hour hand and the 
figure XII points southwards 
In tite SouUttm lltmtMphrre —Turn the watch till the lino 
joining the centre of the face and the figure XII points to 
the sun A line bisecting the angle between this line end 
the hour hand points northwards 
Note that quite roughly, the sun is 


to tlie S m the northern henusphere 
N „ southern „ 






S E „ northern 
K E „ southern 


J at 9 a m 


S M „ northern „ i , « 

NW , 

E in both beoiispheres at 6 a m iifabovethe 
M „ „ 6pm/ horizon 

B At night Korthem lhmupfter« 

For rough purposes the pole star may be taken as due 
north It can be found by pro 
ducing the straight line joining mPokscai- 

two stars in the constellation of the 


Great Bear, known as ‘The Pointers" 

(1 and 2, Fig 1 7) The pole star is pre 

cisely north i «, on the meridian in the ^'6*7 

little circle it describes, when the star 

3 in the Great Bear is directly aboie •*' 

or below it , tins fact may be taken 

adiantage of for accurate aboervations ^ 
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Ike Compass — Thecoiupis^ needlo does not in general 
point true north and south but in directions known as 
magnetic north and south True direction and magnetic 
direction may diffei by quite large angles, the difference 
at any place is known as the magnetic declination or the 
tarialion oj the compass Charts are published showing 
the declination (which vanes from year to year) indiffeient 
parts o£ the world, but it is alsi ays well to ascertain the 
declination by finding the true north and south lines by one 
of the methods just giaen and comparing with magnetic 
directions Compasses are also liable to deflection by 
local attraction, due to iron in the ground and other 
causes and they cannot be depended upon on land to the 
extent thsr is safe at sea. 
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Map CoNSTBucTiO’f 

— The f<tr a description of toy part of the 

earth a surface conaists as we have shown, of a jiirtey m 
the form of records olohvmttuma of aJcttude and azimuth, 
elevation and slope, at a number of points connected 
together by rneans of tnan^ulations and traverses Such 
reeonls are unintelligible until the results are exhibited 
grapliically as a diagram or map, ajid we have now to 
consider how such a diagram is to l>e constructed and read 
Let U3 think first of a <}uite small part of the earth’s 
surf ice, and suppose it to be truly plane and 
horisontal It is evidently quite easy to "plot" the 
numbers from a tnangulation or traverse in the manner 
shown in Jigs 6, 7, or 8, the first question— a very 
important one — being What relation is the map to bear to 
the actual size of the ground ? This relation is called the 
ScaU of the map, and upon it the whole usefulness of the 
map depends 

The scale of a map w usually expressed in one of two 
ways We may say that a certain length upon the ground 
IS to be represented upon the map by a fixed fraction of 
that length — say onebondreth, or one thousandth, or one- 
millionth or to put it otherwise, a given length on the 
map IS to represent a hundred, or a thousand, or a million 
times that length on the ground Renee we get a friction 
ihi *“)• which indicates the natural 

Kale of the map This fraction, which has the adiantage 
of being independent of all arbitrary units such as inches, 
feet, miles, kilometres, serats, and the like, and is therefore 
equally intelligible in the maps of all nations, is often 
called the Fraetion, or R F of the map. 
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Tilt second kind of scale is an arttpeial s^aU, inasmuch 
as it requires the use of two arbitrary units We may 
saj that the scale is so many inches to a mile, me ining 
that e g , one inch on the map represents one tw o six or 
twenty miles on the ground Foreign maps are not, in 
general, much troublol by artificial scales since the 
unit on the map is usually the millimetre or centimetre 
and that on the ground the kilometre, giving a simple 
fraction fur the corresponding natural scale 

\s there are 63,360 inches in a statute mile, the natural 
scale of one inch to the mile is I 63,360 The represent- 
atne fractions for various numbers of inches to a mile 
and miles to an inch can be found by very simple aritli 
mctic and the reader is recommended to calculate out a 
few cases and remember some of the results , so that if he 
IS accustomed to think m the artificial scale he will not be 
thrown out by a foreign map showing only a natural 
sc lie or an artificial scale w ith unfamiliar units 

Conitruclion of ScaUi — ^The construction of artificial 
scales, for large-scale maps at least, is a simple matter if 
MO remember that for ordinary use it is conienient to 
draw the scale on a line somewhere about 6 in long As 
an example, suppose we want a scale to show yards for a 
map whose natural scale is 1 15,120 

1 in on the map represents 15 120 in. on the ground 
- 420 yds 

6 in on the map would represent 2,520 yds. on the 
ground 

Ijet us draw the scale to represent the convenient length 
of 2,500 yds Then, by simple proportion. 


- =5 95 m, 


^500 y * 

420 yds 

or 2,500 \ds is repres“nted by 5 95 in 

Draw a line A B 5 95 in in length (Fig 18) Draw any 
other line A C and along it mark off with the dividers 
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6 equal parts at abed that would approxinaatel) divide 
the line A B into five Join B C, and through d c b a 
draw lines parallel to BC, cutting AB intdcba Then 
A B 19 similarly divided into 5 equal parts, each of which 
must represent 500 yds The part A a can be subdiv ided 
in the same way into 5 equal parts, and we get divisions 
each representing 100 yds The finished scale is shown 
in Fig 19 

More elaborate scales for special purposes can be con 
structed by precisely the same method We give two 
additional examples 

(1) Draw a scale of paces (1 pace = 30 m ) for & map 
whose natural scale is 3 in to a mile 

The natural scale of the map is 1 31,130 
1 in represents 704 paces. 


6 in „ 4,224 ., 

lake 4,000 paces , then 


4,000 X 

"Tor" I 


= 5 6$ in 


Draw a line 6 6S in m length, and subdivide as before 
into (say) 8 equal parts, each repiesenting 500 paces 
(2) A horse trots 8 miles an hour Draw a tune scale 
for a map whose natural scale is 1 300,000 
1 in represents 200,000 in 
6 in ., 1,200,000 in 

But one hoar’s trot represents 63,360x8 = 606 880 m 
We take, to get the convenient length of scale, two hours’ 
trot, which represents 1,013,760 m Tlien 


1,0 13,760 _ a: 
200,000 1 


^5 07m 


Draw a line 6 07 in in length , div ide into 1 2 parts Each 
divuMon represents the distance trotted in ten minutes 


It IS well to note that 


1 kilometre = 3,282 ft , 
1 verst (Uussian) = 3,500 ft 
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The Rfpresenintxon of lletyftt — In de'cnbing the 
methols of plotting the ob«er\ation5 of a survey (page 
10) we restricted ourselves to the case of a horizontal 
plane The altitudes being all erjual only azimuths 
and distances had to be taLen into necount here the 
ground slopes and more especially where the gradients 
are different in different directions it is evidently im 
possible to make a diagram or imp directly from the 
distances The map is to be m some way a picture or 
birds-eye vievr of tho ground representetl and slope must 
clearly be taken into account But a map must be diawn 
upon flat paper the only alternative is a model which is 
always clumsy and expensive Suppose for example the 
obserrer is standing at the edge of a sheer precipice a 
mile high and tint a vay from the precipice the ground is 
level or slopes gently we evinot represent the mile from 
the top of the cliff lo the bottom in the same way as a 
mile from the cliff top along the plateau The map has 
to be in fact, a picture or /r<yeclion of the irregular 
surf ice upon the horizontal plane an<l we must find some 
other means of repre'entmg the irregularities or rsfiey of 
e sufiace-configuration 



"a C 3 ? f h' k’ ^ m’"n’ o' b' 


This will be most easily understood by considenng a 
line along the ground joining two pon ts which we may 
call A and B Imagine the ground to be cut vertically 
along this line down to datum level then the severed 
edge would show the use and fall, as for example A B 
in Tig 20 and the projection of A B on the honzontal 
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plane (an edge of which is shown by the line A B ) w ould 
be the disiatice to be represented to scale on the map 
The points cde'J’ghklmtio would lepieseut 
corresponding intermediate points e d e f g h k I m it o on 
A B Anj distance on the ground is therefore projected 
on the horizontal plane, and the ‘‘horizontal equivalent’ 
(page 13) IS drawn to scale on the map 

It will be seen that in the case of surveying by titan 
gulation this greatly simplifies the processes necessary for 
map construction Befernng back to Fig 7 (page 11) 
if 'Ae plot the horizontal equivalent of the base hue A B 



only the azimuthal angles at A and B and other points 
need be taken into account , the altitudes do not require 
to be considered at all until the question of levels arises 
Advantage of this simplification is taken in the giapbic 
method of surveying with the f^an* table (Fig 21) 
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Tilts IS merely a dra«ing bowd mounted on a tnpoa 
>•110(1 The board js «et uj^ say, at A, and levelled 
A point a ts marked oq the paper to represent A, and a 
flat ruler with sights (called an alidade) is placed on a 
and turned lOuiid until B w visible through the sights 
A line 13 then drawn in the direction A B, and a length 
a 6 measured off to represent the huiizontal equivalent of 
A D on the desired 6C de of the map Next tlie alidade is 
placed on n in such directions that C, D, F, G, and L 
appear successively through the sights and lines a c, 
ad a f, a g, o e are drawn m their directions The 
plane table is then transferred to B, levelled and the 
alniade being placetl along the line a b, tiie board is 
turned round till A is seen through the sights, it is 
then clamped Rajs be, bd, be are then drawn m the 
directions o! C, D, and E, and the intersections of these 
lines with those previously drawn from a give points 
I d e, which (by ‘ umilar triangles”) ere the proper 
representations to scale of C, D E In ihe same way 
the plane table may be set up at D and E and intersections 
/and g obtained, and so on for the whole trmngulation 

This graphic method is largely use<l for rapid work in 
the field The map grows under the hand of the surveyor, 
and details of all sorts can be ** sketched in ’ as he goes 
along On the other hand, the stretching and shrinking 
of the paper with ehangei of weather and Other cir 
cumstaiices make it impossible to attain the accuracy 
required m primary tnangnlation e may suggest that 
etery student of geography should make it his business 
to obtain some practice in plane tabling, no matter how 
lOugh the available equipment may be (Distances can be 
me isured in paces) 

CnnCours — Tne map being then a projected represento- 
ti jn of the ground, it is necessary to find some method of 
indicating the surface relief The fundamental idea under 
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lying every method of doing this is that of connecting all 
points on the ground in the same horizontal planes bv 
lines passing through them Snch lines are called cotito’ir 
lin's or contouri The surface of the ^ea being horizontal 
Its waters meet the land in a line which fulfils the condi 
tions a coast line is therefore a contour, and if we take 
the mean level of the tide the coast line is the contour of 
mean sea-lesel Imagine now the waters of the sea to n'C 
50 feet , there will then be a new coast line oO feet higher 
than the old, and coineident with a contour 50 feet slxf*e 
mean sea level By the methods of levelling descrilied 
above, It 13 evident that senes of points can be found for 
any heights above sea level, and so contours can be drawn 
at convenient vertical intervals, 50 ft, 100 ft, 500 ft, 
and so on, according to the nature of the eoantry The 
method of drawing contours employed m practice is to 
mark down, in their proper positions upon the completed 
outline, a number of points at the same height — as deter 
mined by leselhng — and then to sketch in the contour 
Ime passing through these points, haimg regard to the 
iisible relief of the ground The number of such points 
required is determined by the degree of precision of the 
survey Rough contours can be quickly added to a plane 
table sketch with the help of quite a small number, while 
the levelling of a lice of railwav or a drainage system 
demands the highest accuracy attainable 

Contours of the bottom of the «ea can be drawn by 
means of points obtained by soundings Such contours 
are known as tsobathie {in's ot tsobatkt 

The general principle of drawing lines through all 
points on a map haiing the same value of some element 
1 ', capable of wide extension The lines are generally 
called “iso-’’ lines or isoplelht Thus lines passing 
through all points having the same barometric pressure 
are called xsobars , uolherrtuds pass through points having 
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foot contours would be useless and illegible on a map of 
the high Alps, while for military manoeuvres in open 
country they might be invaluable llie large scale 
Ordnance maps of this country show contours for every 
100 ft, and one of the most frequent occupations of the 
military surveyor in time of peace is the insertion of 
intermediate lines on special sheets The mam fact to 
keep in mind in interpreting contour maps is that the 
map tells us nothing about the ground between two 
contoui lines except in a quite general way If we 
have a vertical interval of 100 ft, any point between 
(ey) the 100 ft and 200 ft lines may be lOl ft or 
109 feet 'We cannot be more precise, unless (as is 
sometimes done) auxiliary /ormimes are inserted to 
indicate special features, or actual »pot4neU — figures 
giving the exact heights of such points as hill tops — are 
printed m 

Belation of Contours to Sloj>es — The lelation of contour 
lines on the map to the slope or gradient will be seen at 


VI V 17 m n i 
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once from Fig 2J, which represents a section of the same 
sort as is shown in Fig 11 Let AKiepiesent (m sec 
tion) the hoiizontal plane, A being a point, let us sup 
pose, on the coast Let B L represent (also in section) 
another horizontal p'ane at the vertical height of the first 
contour, say 100 ft Let A i A ti A iii, A iv, A v, A vi 
lepresent varying degiees of slope of ground upward® 
from \ Then the 100 ft contour will occui at 1 m the 
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ca>i. of slope A I, at 2 in A ii at 3 la A III, at 4 in A IV, 
at J in A V, and at A itsilf in A M, winch is a jerpon 
dicular cliff That is mirclv to say that the steeicr 
the slope the shorter the distance we haie to travel 
on It to ascend 100 ft or, in other words the steeper 
the slope the closer the contoui lines are together A 
lev el plain has no contours, or the contours are infinitely 
fat apart, while m a precipice all the contours run into 
one aiiothei 

liave to notice (hat slopes must be recloned 
directly across the contours t e , along the steepest line 
In Fig 2J, which repicsents con 
tours on a slope 300 ft hij,h, the — ? . 

true gradient is the hne A B An 

easier ascent may bo achie'ed *" 

by taking the slop© obliquely — . ,, 

along A C as a horse or cyclist ■■ ^ 

docs in “quartering’' a lull, Fig. 24 

but A C las no iclation to the real steepness As the 
line A B IS tliat along which water would flow, it is 
sometimes cillcd a »/r«<in» /»«« Tlie directions of stream 
lines are often difticult to follow la cases of curved or 
irregular contours, and their study is an important matter 
in learning map-reading 

Since steepness of slope is indicated by distance be 
tween coiitoura reckoned along stream lines, the average 
gradient in degrees between any two contours can be 
easily ascertained by mcasunng the horizontal distance 
between them on the map, and coiiveiting this into fett 
(oi other unit) by using the scale This gives the hori 
zontal equivalent for the known vertical interval, and the 
angle can be found by the method explained on page 15 

The conditions resulting from changes of slope between 
two points on the map are often important, as for instance 
ID dcterrojDirg whether the one point can be seen from 
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the othei or not Let A and B 
Fig 2d represent the tixo 
points ID section The line of 
sight between them is the 
straight line A B If the snr 
face of ground between is on 
the whole concaie in slope 
as shown by the line A 6 c B A and B are inter 
visible while if the general slope is convex as si ow n 
by the bne A e / B thcv are not If the suTface is 
fairly regular concwity will clearly mean that the slope 
IS steeper near B than near A and consexitj that it is 
steeper near A th in near B lint is if the contours are 



closer together near B than 
near A as in Fig 26 («) 


A and 3 are intenisiW© 


if they ore closer together 
near A than near B as in 


Fig 26 (i) are not 

But we must be sure 1 1 \ I 1 \ 

that und«r/tatur<i liLe A* I I <6 

(Fig 20) do not rise j/ j I n6 26b 

high enough to intervene M i i i 

Matters of this kmd present some difficulty to the be 
giuner in Oiap-readiDg bnt skill is quicLU acquired by 
practice In doubtful coses a section should atwajs 
be drawn This la easy to any one accustomed to plot 
‘ graphs” oi any kind Join the two points A and B 
(Fig 27) on the contouicd map by a straight line 



Fig S7 
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and on a sheet of ordinary squared paper take the 
lo"er point (A) as origin, reckon heights as ordinates 
and distanees as abscissie Plot the points wlicro each 
contour is crossed by the line A B, measuring distances 
from A Dia%v a curae freehand through the points so 
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plotted, and a straight line fiom A to B The result is 
a diagram (Fig 28) similar to Fig 29, iind conclusions 
can be drawn accordingly The student is warned that 
the "drawing of sections,' winch is not a geographical 
exercise, constitutes a popular form of question in some 
etatninatJons in geogmpliy 

Uachuret and the Layer System — It is not easj, except 
after long practice, to gam a clear impression of the real 
relief of a eegtoa from maps shoaing contour lines alone, 
especially if the \ertical interval is coiisicierable Some 
maps yield excellent lesults without ani further device, 
notably those of the United States bui\e\ (see Iht Surveys 
Topography A(las), but it is usual to enniIo5 sonic method 
of making the map tell its own storj uioie forcibly 
These methods follow two main lines Piedominance is 
either giien to the slope of the ground, its height aboie 
Reaieiel being reganled as of v-condaiy importance, or 
the height is consideretl fii^t and the sloj c left to be 
inferred 
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In the fiist case, the contouicd map is coii'erted into 
a picture by drawing stream lines between the contours 
at distances apait proportional to their length, te, the 
steeper the slope, and therefore the closer the contours 
the closer the stream lines are drawn together as in 
Fig 29 Steep slopes are thus darkened by a close array 



of stream lines, while gentle slopes are left white This 
method lends itself to many degrees of refinement The 
contours can eientuiJIy be remoied and the close stream 
lines replaced bj k^ll thadtng till we get the effect shown 
in Fig 30 The highest expiession of this method, which 
in Its cruder stages is known as haeknrtng, is probabl} to 
be found in the 1 100,000 “Dnfonr” map of Switzerland, 
although there are many excellent examples in other 
modern maps The limitation is that white the slope of the 
region represented appeals at once to the eye, no indication 
of Its height above the sea is conveyed On a map of the 
British Isles parts of the central plain of Ireland and of 
the plateau of the Scottish Highlands would appear the 
same The hachunng system employed in good maps 







must not be confused with the arbitrary “cater['il!ar’ 
represent ition of mountains, now foitun ileij obsolete 

The second de\ ice to be considered is that of l(iytr$, 
which consuls in gi'ing the interval lietween each succes 
sue pail of contouis a distinctive colour, as m Fig 31 
Bartholomew s 4 m to a mile (I 126 720) “cycling’ 
map of Gieat Ilutatn is an excellent easniple -ee especi 
ally such aheeti is the Cairngoiin district of Scotland 
Heie all regions lielow 100 h above sea leiel are t'oloured 
a dark green regions between 100 to 200 ft a 
lighter green, 200 to 300 ft a yet lighter green, 300 
to 400 fi a lighter green still, 400 to 600 ft a liglit 
brown COO to 600 ft a darker brown, and so on In 
these maps height above sea level (an essential factor in 
most geoeraphical discussions) asseits itself it once, but 
slope has to be infeiied from (he naiiouness or uidch of 
the colour stupe Also if the veitical interval is at all 
close, either the variety of available colours gives out, oi 
the msp becomes expensive by reason cl tlie number of 
printings and the high degiee of skill requited to 
ensure accuiacy It is tiiie tbit, in general, the higher 
the elevation becomes tlie steeper is tiie general slope of 
the ground, but a contour map with varying vcrtieni 
intervals between the contouis, as in this case, is always 
somewhat muleiding 

limy recent mips combine tUo hachuring and layering 
methods, often with risnlta which appeal at once even to 
the inexpei leiiced iiup reader Examples from the ^ inch 
map of the Oiilninee Survey and the popular “picture 
post caul,” ma^ be referred to 

Map ProjfUionn — Dp to this point we have supposed 
ourselves to be dealing only witli large scale maps of a 
small portion of the earth s surface (ptge 26) It hen the 
map covers a considerable aiea — and the more accurate it 
is to be the smaller that area is — we are confronted wuh 
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the difhculty that the earth is a sphere and that the 
covering of i sphere cannot be openetl out into a flat 
sheet without stietcbiugJt, and 80 distorting It oi teaiing 
It the sphere the spheroid and the geoid present what 
macheniatiiians cali ‘ Qndevelopable saifaces 

The devices employed foi getting over this difflcnltv ere 
commonly called projections but it would be better m most 
cases to evil them deielopmeiitt for few of them eie really 
projections in 
tlie iiiatheina 
iical sense 
Suppose we 
take a teiiiiis 
ball and diaw 
onit an outline 
map of the 
world '^ecan 
p] ice m con 
tact with It a 
flat sheet of 
paper as m 
Tig S'* At 
P, the paper 
being in con 
tact with the 
tennis ball the 
point on the 
ball would be 
transferred 
dii-cctly to the 
paper All 
other po nts on 
tile ball would be represented on the paper by points 
the positions of which would depend upon the point 
of view, the ‘ point of piojection Let us suppose the 
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arcs \>et\Teen P 1 2 3 and 4, on the sphere to be 

equal If O were the p int of \iew the points 12 3 4 
'ould be representwl on the ilicet of paper by 1 , 2 3 4 
This would gi'e ns nhnt is called the ^nomoritc projection, 
which has the property {useful to modern nsMsators) 
that great circles ippear npon the mip as sti light lines 
If Q were the point of ^lew «e should get the stereo- 
grnplxe projection in xvhicli all angles on the globe are 
represented by equal angles on the map directions or 
azimuths, and consequently outlines \er the globe iro 
correctly delineated on the ;; tp iind circles on the 
globe great or small, are circles mi the map If we 
remove t! e point of mow to an iiitmitc distance the 
lines of projection become parallel and we haio the orflio- 
gra^Aic or picture pnjeclion wjtli pimts 1 2" 3 4' 

This last projection is <f little use except for pictures of 
the looon as we see it— from an mfiiiite ihstance 

e can enclose the sphere in a cornea! paper bag as 
shown in Fig 33 Ihe sphere will obviously touch the 
paper along a line, and on this line the rcpieseiitation 
will be ‘correcty but on either 
side of It inaccuracy wil) increase 
to an extent and in a manner 
depending on the system of pro- 
jection on the inside of the cone 
Thus we have a whole group of 
coiiuol projKlsont and t)ie cone 
can be afterwards opened oat fl it 

The perspective projections d« 
senbed above are merely the case of conical projections 
m which the apex of tiie cone A (Fig 33) touches the 
sphere itself, as at A in the same figure In the same 
way we can tbinh of the ease where tlie apex of the cone 
(A) IS remoicd to an lafimte distance from the sphere 
and Its sides become parallel Here we have the group 
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of cylindrical iiajeeltons is in Fig 34 in which the 
dotted )mes would indicate a gnomomc projection on a 
cjlmdei 

But in the construcliou of u ips 
the underlying m ithematicil con 
siderations are questions foi the 
etpert tliey are not often included 
lu any of the simple cises men 
tioneil ^^hat mitfers to tJio reader 
of the map is the special property 
of the imp witli regard to iccutnty 
Accuracy can be secured m anj nnp 
m in) one of three kinds but no map cm be accurate in 
more than one tS e may hive — 

(1) Accuracy, or consistency, m regaid to distances 
measured fiom a point in dilTeient directions 

(2) Correctness in repiesentalion of irimuthal angles 
or directions and consequently of outlines 

(3) Equivalence as to arei m different parts of the 
imp 

In the first case distances meisurcd from a fixed point 
in any direcCion are repicseiited oii cqasi scales We may 
have, for example, a map of a hemisphere with Cape 
lown m the centre the d stances to Ivew York llotnbiy, 
Rio Janeiro Sfelboume will be shown on the same scale 
Projections of this kind are not very much used A good 
exai iple is I ostel s radiof j nyeciion 

ilie second case neeils no further explanation We 
have already had a specimen of the type in the 
Stereognpliic and mother fimiliar example is Ver 
cnlor s map, which is not a projection at all but a 
development following certain mathematical rules 
Meicators map was Origin illy devised for coastal navi 
gvtion and rhumb line sailing beciuse the beanngs 
being correct, it is only necessary to join two points 
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on the map and find tJc az math «• cJ a protractor 
in order to get a t ue course fo sa 1 ng from one to the 
other The course so founi s lo ger than the great 
Cl cle route ju n ng il e two po nts bat the d (ie e ce only 
affects the refinementa of modern oa ^.ation wh cl can 
be met bv tl e use of ll e g mon c proje t on A Mercator 
map should ne er be used for purp es n wh ch c m 
parat e area is tn p rtant (as n s nap show n„ tie 
relat e areas nclnded in the B t h Emp re) for the 
scale var es enorrtously Greenlanl for example appears 
about the same a ze s booth Aiuen s 

Equal are% maps co monlv show «ch d tort on but 
they are of great alue and the r leg t mate u e I ns I cen 
much extended n recent years The r spec al n or t n a) 
be expla ned by say ng that on a map of the w rll a 
I a fpenny w U co er the san e nun ber of square m le 
wl ate er part of the map it s placed Tl e most fam t 
examples are Lim rc$ az ihal tg al nr n proje ton 
an) ^hUiztvies project on Examples of tie tl rec types 
of map descr bed ill be found n I ^ 34a 34& 34 

Content o al t gm — It is necc sary on large scale n apa 
to hare the means of J cat ng certa n features or 
structures vh ch c nnot be actually represented such as 
te ced and anfenctxJ roads ra J ays cuttngs embank 
ments woods and the 1 ke For this purpo e co lent o al 
tign$ are e ployed Hose used in Br t sh Ordnmee 
Suriey map are illustrated in a charactenst c sheet 
(published by the Survey pr ce 6d ) Tl e exa pic 
gi en ID F g 35 are the conve t onal s gns cb eSy used 
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Map Rfadiko 

Scait — In deciding upon the map to be uiecl for any 
epccifio purpose, the fiist thing to be considered is the 
scale '^'heie land is of high lalue, os in the central 
parts of great cities, every square pole is important m an\ 
business of bujmg and selling, and we need a map show 
ing the smallest details witJ) accuracy Thu® apart fionj 
special private surveys, we have the lown Plans of the Old 
nance Survey on a scale of 10 ft to a mile On enclosed 
agricultural land, and even in the suburbs of towns, most 
of the sheets of a map oa this scale would be altogether 
blank, and a scale of 1 2,500 ^neaily 25 in to the mile) is 
latg;e enough, the Ordnaacc map on this scale is (he 
largest published for the whole country For many pur 
poses conceiiimg estates, or smalt distncta such as parishes 
and the like, the scale of 1 10,560, or 6 in to the mile, is 
convenient, and the burvey provides a map on this scale 
Comparing a sheet of the 6 in map « ith one of the 
25 in we observe that a Iii^ amount of detail has been 
rejected, and the choice between selection and lejection 
for any scale demands the highest skill and judgment on 
the part of the draughtsman 

Haps on these scales may be looked upon as “ station 
ary” maps they delineate certain areas, but are not 
of much service in indicating the relative positions of 
points not neai together or the routes joining them H e 
cannot imagine a pedestrian providing bira'-elf w ith a set 
49 



50 


of MX inch sheets for & talking tour On the other hand, 
tietdil becomes less ami It's important as the rate of 
locomotion incieases, and so the generalization of tiie 
smaller scale imps i» no disadiantige nhile the rclatne 
pcsitions of different points and the distances bet«ein 
them are shown for wider treos os the scale diminishes 
y*e may say, foi instance, that 1 03 360 is a consement 
scale for a “walking imp 1 12G7.’0 (half that 
size] for a ‘ cycling map iiul 1 2o3 440, or 4 rnilcs 
to the inch, for a motonng nm]< Tiie scale of 
1 500,000 alxiut S miles to the inch, exemplified in 
maps of France and Germany, shows nuin routes well, 
but cross country loads liecome confusingly intricate 
Coming to still smaller 8Cale>, ue hate mips which 
serte chietly to show the wider a«peet8 of distnlm 
vions oter large areas, such as the geneial features of 
configuration, geological structure, distribution of teni 
pcrature or tcgetatiori deiisitv of population, and so on 
Here the area is usually sharply defined, and we hate a 
struggle between excessive generalization and unwieldy 
sue m the map lakmg the ordinary hand maps of 
the largei atlases, we fmd the following scales of common 
occurrence — 

England and Wales — 1 1,700 000 
British Isles— 1 2,500000 
German Empire — I 3 700,000 
Europe—! 15 000 000 
Asia— 1 30,000 000 
Afnci—l 25,000 000 
North America — 1 25 000 000 
hut it must bo reinembeied that in the larger areas the 
scale vanes in different paits of the map according to the 
prijection and maps of the world, shown in hemispheres 
•vr cithenuse, cun scarcely be said to have a scale at all 
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Surface Relief — After an appreciatioD o{ scale the next 
aud much more difheult art the map-reader has to acquire 
IS that of understanding surface configuration or lehef 
Ilete we have to bear in niind that contours aided bj 
hachunng hill shading or la\ers constitute a conventional 
system, and that v,e can give to the aystem any v ilue we 
please Vertical distmce has for all natural and artificial 
conditions a significance vastly greater than hoiizontal 
distance The highest peaL m the world rises onlj 5 ^ 
miles above sea level a distance imperceptible upon any 
reasonably sued map of Asm yet a ridge half a n iJe high 
ma\ cbinge the geography of a whole continent A 
relief model hiving the same verticil and horizontal 
scales IS about as rough as an oiange hence to gun a 
true idea o! relative importance in almost any sense we 
must ID imagination greatly exaggerate the vertical scale 
It is for this reason diAicult to understand the strenuous 
objection urged by manv geographers to some of ti e 
relief models easily obtainable m which the vertical scale 
i» consideiably greater than the horizontal 

Admitting the paramount influence of relief we must 
attach great importance to a study of it Tlie examination 
of maps results in the classification of contoui-s into a 
quite small number of groups lepresentiog ceitain unit« 
of configuration or laud forms hluch confusion has 
arisen fiom trying to associate the land forms defined 
in this w ly from an arbitrary n athematical con\ entioi w ith 
the causes of their origin which may he widely dffeient 
111 identical forms These causes are matters fir the 
skilled geologist and do not strictly concern the map 
leader Tollowing Mill we may arrange the simpler land 
forms and their geometrical consequences in a short list 

A flam 13 a flat and nearly horizontal surface of land 
A tilted or inclined plain forms a ^ope but slopes are not 
necessarily plains fur the degrees of inclination may vary 
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anf) the slope become consez or 

fwo (Inoiging slopes {te two slopes on uhicli objects 
v-ovild roll av, ij f»oai one Another in opposite directions) 
meet in a line calleil a Dmde Water I'artint/, or II oJers/ierf 
Conic ging slopes meet in a FoH<y/m< or 7'hahveg It 
IS clear tint ram tallin^ on the sui 
face of land will lie collected aithin 
aieas bounded by diixlcs or watersheds, 
and each of thise areas will lie drained 
along the lallei line, which forms the 
course or bed of a nter The area 
enclosed by one divide is callecl a Iia$tn 
or Dnannge Area Id most cases the 
divide IS not a closed curve but touches 
a coast at two joints the vaIIo\ line 
then also reaches the coast and the river (if there is one) y 
draining the basin flows into the sea In Tig 3fl the 
dotted line A U leprescnts the 
divide, the solid line DC the valley* 
line, and A D the coast included 

Where the dmde forms a closed 
curve, as in Fig 37, the basin 
forms a llolloii Suiface vrater 
will drain to tbe lowest point P 
of the valley line If the amount 
of water received by mnfall 
IS greater than that lost by 

soakage and evaporation, the hollow will fill up to the 
level of the lowest pout td the divide, forming a like and 
drainage into another hasm will occur but if as much 
water is lost as is received, as in and regions, no water 
passes out of the basn, which then forms an tnland 
drainage area In many uUlid drainage areas the balance 
between gam and loss of water is so adjusted that 
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there is an accumulation of water round P either 
perennially or during wet seasons, but not m sufficient 
quantity to fill the hollow up to the point of overflow 
Lakes formed in this way are nsoally salt, the soluble 
materials washed down being deposited as evaporation 
goes on (as m the case of, eg, the Great Salt Lake of 
Utah) 

Rner basins occur in the greatest possible variety of 
forms, primary or major basins being usually sub-divided 
into secondary or minoi 
areas of the same type, 
with «u6-divid«s and 
(nbuiary \alJey lines 
ABCDEFG, Fig 38, 
represents a pimiaiy 
basin 1 1 the pnmaiy 
valley line B 6, C c, 

Dd, Ee F/ are second 
ary divides, and 2 2 , 

3 3, 4 4, 65 tributary 
lollej lines Eiidently 
ternary systems will 
al«o occur within the 
secondary basins, cCDd, for example, may have 
suboidinate systems within it, as shown m the figure 
and so on indefinitely 

It IS desirable, but not always easy, to fix major 




directions within drainage areas In the case of an 
area like that shown in Fig 39 the problem present^ no 
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dithculty The great length of the baiin comp-ired to 
its width makes the mun sallej Ime uminstakaljle, anil 
this direction is called the longtlndiunl diiection Sub 
dnides and tributary sallej lines following this direction 
are aUo haul to be longitudinal (solid lines in the figure), 
and those depaiting fiom it by more than 
45“ aie said to be transserse When the 
basin IS circular, or, still more, when it 
takes a form like the Great Valley of 
California (Ftg 40), the division into 
longitudinal and transicrse is not so easy 
The UuQ of the xallej winch reaches the 
lowest point of the basin (usually the one 
which reaches the sea) strikes the doroin 
ant note, and serious difficulties rarely 
arise Tn Fig 40 AB is clearly longitudinal, AC and 
A D are as clearly transverse 

V hen a slope is steep and its length extends for a great 
distance eompareil with its heiglit, it is tailed an e»cai}> 
menf or <ear/i bcaips ate commonly associated at their 
baics and summits with either gentle slopes or plains A 
gentle slope at the base of a scarp aery often con 
serges with the scarp, forming a valley line, hence 
we liaae the condition of part of a lasin wuli its 
longitudinal lalleyline close to a mijor longitudinal 
dmde, the transvcfie lines on the scarp side slope 
steqil), while those on the other side slope gentlj Ihe 
slope at the suminil usually disergea at a icl itively sni ill 
angle, forming a divide along the crest of the escarpment 
There may, however, be two diverging scarps close 
together, forming a Jltdgf as in the “Hogs Back” 
between FarahaiD and Guildford 

The escaipraent is one of the most remarkable of all 
lantl forms, chiefly from its association witli ] lams and 
slopes in the manner described An illustration of the 
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typical groupmg la given in Fig 41 The broken 
lines ace contoucs at vertical intervals o£ 100 ft A B 
13 the main \ illey line at the foot of the scarp C D 
the mam divide at the top It will be seen and 
herein lies the importance of this group of land foims 
that the plain at the foot of the scarp may be a region 
capable of supporting a laige population A B is a slow 
flo vmg It may be navigable mer but in flood time the 
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rapid streams from the scarp bring down quantities of 
delrili s and deposit nch alluvium upon the plain near 
U perpetually icneving the soil Comi unicat on and 
t 'inijport from point to point across the pUin arc e isy 
Oi the otlier ban 1 the seaip itself is a serious perhaps 
insurmountable obstacle to intercourse between the m 
habitants of the lower plain and aiiothei similar plain 
which lies beyond the crest Two eramples of this 
cliaraeteristic arrangement may suffice the scarp of 
tl e Tibetan plateau comiog down to the valley of the 
Ga ges and the oolite escarpment in England In tl e 

littercase Fi„ 41 might represent a part of the Cotswolds 
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an 1 I I"e II II and B A the A\arw ck^h re Avon I>etween 
lewkesi ury an ] a po nt below I ogly fyp cftl ca es 
si oti 1 lie careful!) stud ed sotf at thenntureof tl ecndlesi 
mod ficat ons wh ch anse naj be under tood Compare 
aga n m England for example the ool te escarpment in 
Its 1 ffercnt parts will tl e chalk escarpment 

\ steep slope having a con ex curse in the hor rental 
plane forms a tal ent or U ff Such features are of not 
infreiucnt occurrence along tie I nes of escarpn ents 
tl e) appear on the map as shown in I g 42 
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\S hen the curve t» closed and the total area surrounle 1 is 
small CO npare 1 w 1 the 1 C t we ha e tl e forms known 
as V ounta ns or ft U the arl trary 1 t net n usuallj I 1 
down >>c ng tl t a moun a n is a h ]] in w] ch the 
sIof>es are more ihsn ^ 000 ft 1 j,h If the total area 
c ere 1 s large m compar son w th the he ^ht the slopes 
may be surm unte 1 by an ele ate 1 pla n or I nu 
unta n I e n„ u us ly tl e result of unequal destruct e 
a n ufon the n cl mas cs of rd„es or plateau occur 
e 1 er n I nes or r njes or n gro pn It si ould lx* 
recogn sed tlat tie gr up arrangement (sucl as is found 
in the h ^h ands of Scotian 1) is geo^riph cally qiJ te as 
mportant as the 1 near Also t si ould be po nted out 
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that a series of bluffs along a scarp such as iuij,ht occur 
betsrecn the transcerse xallejs la Fig 41 i> tio< a range of 
mountains although it max present tnat appearance fron 
the plain below The ski bne of a mountain group a® 
seen from a plain may also gi\e the appearance of a range 
The depre:=seff part of a iidge between two tuountains 
or hills giies a form 
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important in map 

reading on account of its control of lines of com 
munications 

Referring again to Tig 41 we may obnouslr hare a 
species of pass or col where the heads of the transxer e 
taller hoes of the scarp (marked abed) correspond 
with the heads of rallex lines on the high slope (marked 
1 2 3) as at the points \ X If the lines on the high 
slope all'niat* with the transrerse lines of the scarp 
as i 2 e in the figure then there is no such opening 
Compare in the case of the Cotsirolds already mentioned 
the upper branches of the 4\indnish with the Eienlode 
(which lead over to the Stour a trtbotarr of the A\on> or 
the Cherwell Openings of this kind and with them may 
be taken the overflow points of hollows (page o2) are 
tisnallr called gaj t ("^e on the maps such places as 
Goring Guildford Arondel Basingstoke Banbury etc ) 

A steep slope hanng a concave curve in the horizontal 
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j- line forms a ht-tntrant 
r Cirque (or Co ri«) 
Cirques u uilly occur 
under somen hit special 
conditions at the heads 
of snllevs which open 
<ut in tile form of an 
amphitheatie as shown 
in Tig 44 



A perpendiculir slope is known as a eliff or prectuce, 
ind IS in ply a pirtieular case of the scarp hen 
t lo parallel precipices occur close together a Gorge or 
Cnnon is forme 1 the gorge hemg usuilJy wholly or 
partly drr at the bottom (as the Klmbar Pass) while the 
cinon has a riser floMng through it wj ith makes access 
on foot imp ss hie (as the Grand Canon of Colorado) 

The student should pay a great deal of attention to t) e 
tarjing ways m which dilTerent land forms are grouped 
togetliei in hderent regions In i typical basin for 
example the s alley line rcis deicend steejly in me pit 
and gently in imtler »hile the conicrging slopes 
change in steepness in \ manner which has a certain 
clear relation to )t Take the case of a riter ns ng on 
a plateau flowing down a scarp and crossing a low 
plain to the sea ^^e should htve contours of tie 
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form shown in Fig 45 Hie relation would not be in 
lariable but practice will soon make it possible to 
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recognise tlefinite types of %8lley forms which wiil come 
eventu i31y to be associated with special parts of basins or 
drainage areas , and so on for other forms 

Loxdcinds, Uplands, and Ilxgldands — For purposes like 
tint just stated, it is often useful to aimnge the sarious 
land forms together in gioups depending upon the height 
sho'e sea lei ei at which they occur ft is generally 
agreed for reasons which need not be discussed here, 
that the elevations of 600 ft and 2,000 ft above sea-level 
are the most appropiiate boundaries All land between 
sea-level and 600 ft is called Loutand, between 600 ft 
and 2,000 ft , Upland above 2,000 ft , Highland These 
words uiaj he applied to any of the tand forms we have 
mentioned Thus, we have lowland plains, upland plains, 
highland plains , lowland valleys, upland vallt)s, and 
highland valleys Highland plains are known as plateaux 
Speaking ijuite geneially, we may say that the avenge 
slopt increases with elevation, the lowland phins lu 
elude the greater pait of the dry land area of the 
earth Considerable parts of the hollows are below sea 
level In this case the land h said to be sunl thus we 
have sunk plains 

Many regions ocenr where land forms a-ssociaced with 
one of theM! divisions are found in another The condi 
tion IS pioUably to be ascribed to elevation or subsidence 
of tlie land, or to the action of some special agent such as 
glacier ice A highland or upland valley may suddenly 
terminate in a scaip or cliff fo-ming a Hanging ) alley dis 
charging by a liapvi or WaterJaU A lowland v alley may 
hav e been submerged, forruiug an Estaarg oi an upland or 
highland valley, perhaps with a stung of hollow- once 
occupied by lake", may have subsided, forming a /?i« or 
(m the latter case) a djord 

Similar divisions are recogniaed in the oceans From 
the sea surface down to 600 ft » the toxtuiental iiUdJ 



correspondms to the lowland, upon which uplands or 
mountains and plateaux mav n-<e above sea level, forming 
Contin'Ul'il Iflandi la^, the Bnn-h lales) Between COO ft 
and 10,000 ft is ibe TrantUtotial Area of steep ateraire 
slope Beyond lO.OoO ft are the vast dead plains of 
the Ahyfmal Arra, opon which (in oianj places) isolated 
peaks or plateaux rise above the sea fonning Oc-^ohic 
Islatidt, as m the great groups of the southwestern 
Pacific 

Ztn<« of CommxnMvition — The lines of communication 
and traiispOTt shown ujion a roap ire »peciaUv interesting 
because /apart from the practical importance of the 
routes reprc'ented) they throw a strong light upon the 
topographical features induated by the contours But it 
IS necessary Wt utwkrvand clearly at the out«et the gieat 
infiuenee winch the mode of pn>gre<sioD exerts upon the 
relation which exists between the routes and the topo 
graphical features 

Wheeled vehicles are a comparatively modern in 
vention , nearly all transport was earned on upon the 
backs of men or animals uutii quite recent tjme> 
end in going themselves from place to place men 
walked cpt rode Put in annuals we have the peculi 
anty that ihA maximum speed u low, and as it is 
approached the effort required becomes very great On 
the other hand, the a'-cent or descent of slopes, so long 
as they admit of walking, and climbing does not become 
necessary, does not reduce the 'peed very greatly below 
the rate ordinarily possible on the level, and this is true 
whether the animal be laden or unladen Even with 
a knapsack one takes a steep “ short cut ” in preference 
to “going round ” Hence we find that the more ancient 
routes, pack-»zKldIe routes, and even Homan roads (which 
were intended to provide a good service for movement of 
troops at their best pace), take a straight line as long as 
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the slopes crossed ace uot more than about 20° and 
only “go round, or take the slopes obliquely, wheie 
the steepness is such that walking becomes really 
difficult 

An animal can, however, draw a much greater burden 
than it can carry On the level weight does not couse 
into considerition, and for wheeled vehicles it is therefore 
important that the route should be is level as possible 
Nevertheless, the difference between the maximum speed 
on the level and the miDimum up the steepest practicable 
slope IS comparatively speaking small and so although 
a slight dtlour is worth while, much time is lost if the 
deviation from the straight line is great Tlie roads of 
the stage<oach peiiod follow the llomn roads up to a 
certain point, and take a longer route when the older line 
becomes too steep 

Mechanical traction m its commoner forms has the 
characteiistio of high maximum speed and great power at 
high speed, but reUtivelj small power at low speed the 
only exception is the traction-engine, which from this point 
of view IS really an animal Tlie cliaiactenstic is best 
exemplified in the case of the railway, which has its 
rovd all to itself, and need not be made to consider 
other modes of traction by means of a “speed limit ’ On 
the level the locomptive attains high speeds with very 
heavy loads, but a gradient a horse would scarcely notice 
bungs it down to a very modeiate pace Hence railways 
go miles lound rather tliaii face a quite moilerate hill, and 
the consequent close adjustment of railway routes to land 
relief makes their hoes extraordinarily useful m map 
study 

The TOOal recent phase of mechanical traction- — the 
petrol-driven motor — marks a new phase in respect that 
enormous power can be applied to light loads Thus the 
motor can follow the Homan rood if necessary, but it 



6‘» 

c ot h so eco orn cal y ts streDo^h s n »peed 
al hou 1 pec al con lerat ons 1 n t tl e full use of that 
) ee 1 He e tl e de mo or road fol ons a 1 ne some- 
where between tie stagecoach road and the ra 1 vaj 
The 1 ter 1 av ll rown tl c fo n er of these out of use for 
many 3 e s tl ere s much road mprovement gong on 



F g f 6 1 ustrates the cond f ons of the (I Ife ent routes 
bet veen two po nts A and B separa ed by a r dge 600 ft 
I and hav ng a fa rij st 11 slope on the s do near A 
and a scarp o that towards B 

T ra way beng the most yaloable type of route n 
re at on to topOj, sphj t may be well to nd cate s 
genera relate to certa n land forms ob er ng that 
the e hold good n d m n si ng degree to motor roads 
8 a^e oac road and mads for pack saddle traffic 
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Od a plain a sjstem commonlj forms a iietworl>- 
great eomplexit) The directions taken do not depend 
on the relief for there is none but on (o) the pro 
ductivenoss of the region — it may for example be a coal 
field — and (6) the petio»l at winch it was developed 
With icgard to (6) it may be «aid that if the legion is 
in a ‘ new country communication is piobably almost 
nhollv by railway the short roads merely feed the rail 
way at local points and are few and bad wheieas in an 
“old (t e pre railway) region they are relatively more 
important, although until quite recently then use as 
through routes has been lost Coropaie regions of similar 
lelief m England the United States and South Africa 

When two plains vresepirated by a ridge or scarp the 
connecting routes make for the gaps (page 57) and there 
IS no better instance 
o£ stretinnas cndeav 
our m this direction 
than the lines radiat- 
ing from Ixindon to 
the Midlands of Eog 
laud, which have to 
cross first the chalk 
and then the ooUto 
escarpments by gaps of varying d^cees of accessibility 
and convenience Study the balfinch map with th® ’'id 
of Fig 4" (Tlailway n imes before the 1921 Grouping) 
More formidable ndges or mountain groups give as a 
rule fewer passes, and the concentration of the routes is 
moie severe, the topoqiapl ical control being moie com 
plete The great railwav routesout of Italy and the itiads 
out of India furnish perhaps the best ex imples of this 
see agnn the maps There are of course exceptions) as 
in Iieland where passe> are mostly easy and direction 
rather than elevation controls the main lines 
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Remembering (page 58) tliat in general the relief la 
steepest at great eleiationa the higher railways generally 
follow the lalley lines for some distance, then alleviate 
the slope by catlings and 
finally take the pass by a 
tunnel as shown m Fig 48 
1- xamples of this kind oc 
cur constantly m the Vipinc 
loutes but they can be ob 
sened under more modest 
conditions in England note 
the Kilsby tunnel takin^ tl e 
I ondon AIidhu<l ind Scottish 
Railway over the oolite escarp 
ment near Ru^by— a great en 
engineenng achievement id its 
time 



Where the valley lines on the two sides of a ridge oi 
scarp do not correspond but 
alternate the crossing often 
becomes very difBcolt Tlie 
problem may be solved by 
cutting and tunnelling as in 
Fig 49 but It IS often possil le 
to make use of a third basim ^ 1 “ 
as in Fig oO by deviating for ' 1 
a comparatively shoit distance H 



A good example of this is the 
line of the I W <LS Railway be- 
tween Leeds and Carlisle which 
ascends the valley of the Aire 
and deviates into the upper 
basin of the Ribble in order 
to get into the valley of the 
Eden 
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Mam routes are often controlled by the land forms 
occuinag in coastal regions If the coast consists of a 
broken scarp or line of cliffs the chief line has to keep 
a^s ay from it and important points on the sea are 
reached by branches, as m Fig 51 When the scarp 
IS fringed by a coastal plain, the main line ma} tta 
verse that plain and branches ate thrown out to inland 
points, as in Fig 52 Amongst the best examples of 
the tjpe shown in Fi" ol are the Southern Railway 



rist of h/xeter and the Gieii Westein Itiiiwi} between 
Fxeter anrl the head of the valley of the Pljm or 
the mam line of the London nid ^o^th Lastern llailv ly 
between Dari n^ton and Beiwick upon Iweed The 



second type (Fig 52) M well illustrated by the Great 
Western Railway through Cardiff and Swansea and t! e 


Ijranclies into the p-ii'%)lel ^alleJS of the South Wales 
coal field ‘‘ 

It would be easj to multiply c'tamples of this kind, 
and to point out how the elaboi-ition of the roid and 
railw ly ajstem in dilTerent parts of the world suggests 
the date of de\elopment and the stage attained, but it is 
uiinecessaiy to cany tlie process further 


NOTE 

fhe following l>ooks mIikIi may be seen at nn>- 
libnry, me leeommended for further study — / 

TEXT BOOK OF TOPOGRAPHICAL SURVEYING. bJ t 

HINTS TO TRAVELLERS Inatd by tUs Poyal Geograpln 
bocisty 

TREATISE ON SURVEYING By Midoletos and C«*dwii 
TOPOGRAPHIC SURVEYING Ly H M Uiisos 
MAPS ThelP Uses and Construction E\ o t Moski^ 
LEITFADEN PER KARTENENTWDftfSLEHRE By 

ZorPRiTt 

LE DESSIN TOPOGRAPHIQUE. By A Lals^edat Very'rai 
HANDBUCH DER VEBMESSUNGSKUNOE By t\ Jorda 



